Toxoplasma-infected or not. This experimental setup enables one to discriminate whether the 1 0 5
Toxoplasma-infected subjects express the symptoms of impaired health because of the 1 0 6 infection or because they know that they are infected and therefore believe that they should 1 0 7 express (or report) such symptoms. Subjects were recruited from a pool of former biology students of the Faculty of Science, 1 1 2 Charles University, Prague, who have voluntarily participated in various ethological studies 1 1 3 over the past 20 years. All subjects were women who were tested for toxoplasmosis and 1 1 4 rhesus (Rh) status between 2002-2013. These volunteers often take part in many studies, most 1 1 5 of which are not related to Toxoplasma infection. Crucially, toxoplasmosis was not mentioned 1 1 6 in the study recruitment invitation, and the experiments were run at the University of 1 1 7
Economics-not the usual location for toxoplasmosis-related experiments. Moreover, the 1 1 8 experimental games were primarily focused on the examination of the economic behavior of women (Lanchava et al., 2015) . Therefore, it is unlikely that subjects suspected that the study 1 2 0 was related to toxoplasmosis research. To achieve a balanced design and the highest possible 1 2 1 power of the study, we invited all Rh-negative Toxoplasma-infected women in the pool (the 1 2 2 rarest combination of the trait within the study), and also the same number of Toxoplasma-1 2 3 infected and Toxoplasma-free women. Therefore, the frequency of infected subjects and Rh-1 2 4 negative subjects did not correspond to their normal representation in the Czech population. All participants provided written informed consent. Subjects' recruitment and data handling were performed in compliance with the Czech legislation in force, and were approved by the 1 2 7
Institutional Review Boards of the Faculty of Science, Charles University (No. 2014/21). 
Questionnaires
At the beginning of the present study, the volunteers were asked to complete an anamnestic 1 3 1 questionnaire as well as a N-70 questionnaire. Most participants completed these 1 3 2 questionnaires at two different time points: before testing for toxoplasmosis, and then about 3 1 3 3 years later at the beginning of the present study. In the anamnestic questionnaire, the diabetes; are you tired after returning from work/school; do you visit medical doctors (not 1 4 0 dentists and not for prevention))?" using a 6-point Likert scale (0: never, 1: maximally once a 1 4 1
year, 2: maximally once a month, 3: maximally once a week, 4: several times a week, 5: daily 1 4 2 or several times daily). They were also asked how many times they used antibiotics in the past 1 4 3 3 years (5 means 5 or more times), and how many times they spent more than a week in the The N-70 is originally a Czech questionnaire constructed for the assessment of seven areas of 1 4 7 psychiatric symptom clusters -anxiety, depression, obsession, hysteria, hypochondria, 1 4 8 psychosomatic symptoms of vegetative lability, and psychasthenia (Vacíř, 1973) . The English 1 4 9 version of the questionnaire is available at (Flegr et al., 2012) . Subjects are asked to answer 1 5 0 70 questions using a 3-point agreement scale. Scores in each cluster range from 0-30. The 1 5 1 total N-70 score is the sum for all 70 questions. Statistica v. 10 was used for the statistical analysis. Differences in age were tested by a t-test. N-70 scores were analysed using an ANCOVA, with age as a confounding variable. Certain 1 7 4 scores (obsession and, to a smaller extent, depression) had slightly asymmetric distributions; 1 7 5 therefore, we repeated the analyses with nonparametric methods. However, results of the were analyzed by a partial Kendall's correlation test, which is used to measure the strength their distributions and allows for the control of one confounding variable -in this case, age 1 8 0 (Siegel and Castellan, 1988) . The Excel spreadsheet used to compute the partial Kendall tau controlled with the Benjamini-Hochberg procedure (Benjamini and Hochberg, 1995) . In All raw data are available as the Supporting Information S1. The final set contained 14 Rh-negative and 26 Rh-positive Toxoplasma-free women 1 9 1 and 13 Rh-negative and 26 Rh-positive Toxoplasma-infected women. Infected women were 1 9 2 older than Toxoplasma-free women (24.6 vs. 23.0, t 77 =-1.90, p=0.06). No significant effects 1 9 3 of age (p=0.402, µ 2 =0.01), toxoplasmosis (p=0.206, µ 2 =0.02), and Rh factor (p=0.419, 1 9 4 µ 2 =0.01) were observed, but a significant effect of toxoplasmosis-Rh factor interaction 1 9 5 (p=0.011, µ 2 =0.08) on total N-70 score was detected with an ANCOVA. The same analysis 1 9 6 was performed separately on the seven N-70 traits, and showed significant effects of 1 9 7 toxoplasmosis-Rh factor interaction on obsession (p=0.036, µ 2 =0.06), vegetative lability 1 9 8 (p=0.032, µ 2 =0.06), and psychasthenia (p=0.008, µ 2 =0.09). The visual inspection of Figure 1 suggests that the Toxoplasma-infected Rh-negative women had much higher N-70 traits, 2 0 0 whilst Toxoplama-infected Rh positive subjects had approximately the same or slightly lower 2 0 1 N-70 traits than corresponding Toxoplasma-free controls. The detailed examination of raw N-70 data showed that Toxoplasma-free women 2 0 3 answered many questions of the N-70 questionnaire differently than Toxoplasma-infected 2 0 4 women. Partial Kendall analyses, with age as a covariate, were performed on all 79 women, 2 0 5 and showed that 13 of 70 observed differences remained significant after the correction for showed that the number of significant differences between Toxoplasma-infected women and respectively. While in Rh-negative women only 3 of 32 significant associations were 2 1 0 negative, i.e., indicated better health status or wellbeing of Toxoplasma-infected women, in 2 1 1 Rh-positive subjects, 11 of 12 associations, significant after the correction for multiple tests, 2 1 2 were negative (see Tab. 1).
1 3
The existence of a statistical association between two factors does not mean a causal 2 1 4 relation between these factors. However, the existence of a causal relation can be supported 2 1 5 when one or more Bradford-Hill criteria of causality are fulfilled. To search for such support, 2 1 6 we tested the biological gradient of the effect of toxoplasmosis. This was achieved by 2 1 7 studying the correlation between the concentration of anti-Toxoplasma antibodies and N-70 2 1 8 factors in a subset of Toxoplasma-infected women. Fig. 2 and Table 2 show that the CFT titre 2 1 9 of antibodies in Toxoplasma-infected women correlate with the total N-70 score, as well as 2 2 0 with all seven N-70 factors in Rh factor-negative women but not in Rh factor-positive women. (11 Toxoplasma-infected) also completed the questionnaire 3 years earlier, before they knew 2 2 3 whether or not they were infected. We repeated all analyses with this smaller data set. No 2 2 4 effects of toxoplasmosis or toxoplasmosis-Rh factor interaction were significant after the 2 2 5 correction for multiple tests, possibly due to the low number (7) of Toxoplasma-infected, Rh 2 2 6 negative women, the results not shown. However, a more detailed analysis once again 2 2 7 showed that many of the seventy N-70 questions were answered differently by the 2 2 8
Toxoplasma-infected and Toxoplasma-free women (11 in the whole set, 5 in the subset of 20 2 2 9
Rh-negative women and 6 in the subset of 31 Rh positive women; Benjamini-Hochberg 2 3 0 correction for multiple tests), see Tab. 1. Fig. 3 shows that N-70 pathognomonic factors toxoplasmosis-Rh interaction had a significant effect only on depression (p=0.027, µ 2 =0.10).
3 7
In the anamnestic questionnaire, the subjects rated their health status before testing for health before, as well as after, obtaining the information about their toxoplasmosis status. For 2 4 1 example, they estimated their probable age of survival to be lower than Toxoplasma-free 2 4 2 women, reported more frequent hospitalizations in the past 5 years, and to have more serious 2 4 3 or more frequent neurological problems. The present study showed that Toxoplasma-infected women with Rh-negative with the N-70 questionnaire, especially obsessiveness, vegetative lability, and psychasthenia.
testing. Our conclusion -that impaired physical and mental health status, not autosuggestion, 2 7 0 was responsible for higher N-70 factors -was also supported by the fact that Toxoplasma-2 7 1 infected women had the same level of hypochondria as the Toxoplasma-free women. The Both the present and previous studies show a much stronger effect of toxoplasmosis 2 8 7 on Rh-negative than Rh-positive subjects. In the present study, we observed significantly Toxoplasma-infected and Toxoplasma-free Rh-positive women showed that 11 of 12 2 9 2 significant differences indicated better physical or mental health of infected subjects. Such The case control study performed on 500 blood donors showed that Toxoplasma-infected Rh-positive heterozygotes showed better psychomotor performance -namely, shorter reaction 2 9 6 times -than Toxoplasma-free Rh-positive heterozygotes. At the same time, psychomotor 2 9 7 performance of infected Rh-positive homozygotes and especially of infected Rh-negative 2 9 8 homozygotes was much poorer than that of corresponding controls (Novotná et al., 2008) . It 2 9 9 has been shown that toxoplasmosis has various effects on human physiology and some of that toxoplasmosis is the cause rather than the effect of impaired physical and mental health of immunofluorescence assay (Kaňková et al., 2007) . The existence of a negative correlation is 3 2 2 mostly considered to be indirect evidence for models suggesting that given toxoplasmosis- Havlíček, J., Gašová, Z., Smith, A.P., Zvára, K., and Flegr, J. (2001) . Decrease of 4 0 8 psychomotor performance in subjects with latent 'asymptomatic' toxoplasmosis. Parasitology 122, 515-520. Hobfoll, S.E., Dunahoo, C.L., Ben-Porath, Y., and Monnier, J. (1994) . Gender and coping: the The spreads show 95% C.I. The boxes indicate the mean ±standard error, and spreads indicate the mean ±2 × standard
